1-Butyl-3-methylimidazolium acetate ([C 4 C 1 im][OAc]).
[C 4 C 1 im]Br (130.2 g, 0.594 mol) and dry silver acetate (99.7 g, 0.597 mol) were transferred into a 500 ml conical flask. The flask was covered with aluminium foil to prevent the photodegradation of silver salts. Distilled water (250 mL) was added and the suspension stirred overnight. The yellowish precipitate was filtered off and the filtrate tested for the presence of silver and bromide: one or two drops of the solution were diluted with 0.5 mL distilled water in a sample vial and one or two drops of test solution were added. The test solutions were dilute HCl for silver ions and 1M AgNO 3 for bromide. Aqueous [C 4 C 1 im]Br was added dropwise if excess silver was observed and silver acetate if excess bromide. A sample was taken after each drop and then tested again. The addition was stopped when the tests for bromide and silver ions were negative. The solution was placed in the continuous extractor and extracted with ethyl acetate for 16 hours. The water was removed with the rotary evaporator. [C 4 3 ) − , 28%).
1-Butyl-1-methypyrrolidinium chloride ([C
C 1 pyrr]Cl). 1-chlorobutane (67.76 g, 0.73 mol) was added dropwise under N 2 , to a mixture of 1-methylpyrrolidine (57.60 g, 0.68 mol) in acetonitrile (50 mL). The mixture was heated at 75 °C for 36 hours. The solution was cooled to room temperature then further cooled to 4 °C for 1 day. The acetonitrile was decanted, leaving a white solid. The white solid was washed with ethyl acetate and dried in vacuo for 24 hours, affording [C 4 191 mol). The mixture was stirred for 24 h and the white precipitate was allowed to settle. Cannula filtration and subsequent washing of the sodium chloride residue with dichloromethane (2 × 50 mL) gave a colourless liquid, which was further diluted with dichloromethane (100 mL) and washed with aliquots of water until halide free, as indicated by the AgNO 3 test of the water washings. The liquid was dried in vacuo for 3 h at 50 °C then filtered through a short pad (1−1.5 cm) of acidic and then basic alumina and thoroughly dried in vacuo at 50°C for a further 8 h to afford [C 4 
Section B: Computational Procedures
DFT calculations using Becke's three-parameter exchange functional 3 in combination with the Lee, Yang and Parr correlation functional 4 (B3LYP) have been carried out with a 6-311+G(d,p) basis set as implemented in the Gaussian 09 (revision D.01) suite of programs. 5 Grimme's (-D3) 6, 7 dispersion correction with the Becke and Johnson damping (BJ-damping) function [8] [9] [10] has been added to the B3LYP functional (B3LYP-D3BJ) to account for dispersion interactions. Further details of the computational details have been reported elsewhere. 11 [C 1 C 1 im] 2 [Me 2 PO 4 ] 2 IP-dimer structures were generated from the corresponding [C 1 C 1 im] 2 Cl 2 structures by replacing the Cl -anions with [Me 2 PO 4 ] -anions. These were arranged such that non-alkylated oxygen atoms were orientated so as to maximise the H-bonding with the imidazolium ring H-atoms. This was followed by a two-step optimisation procedure; 1) the cation atoms were frozen and a partial optimisation (only anion positions optimised) has been performed, 2) release of all nuclei to allow a full optimisation. Subsequently minima have been confirmed via vibrational analysis.
The IP-dimer names have been partitioned into four components as described previously. 11 First, the parent part of the name is taken from the general motif, i.e. middle (M) or diagonal (D). The second and third sections are based on the relative positions of the anions in relation to cation 1 and cation 2, respectively, i.e. front (F), side (S), back (B), top (T) or bottom (Bt). The final component details the relative [C 1 C 1 im] + cation ring orientations, i.e. parallel (P), rotated (R), antiparallel (A) or T-shape (T). For example, the M_FS_SF_A IP-dimer structure is found as the lowest energy conformer for the Cl − . This structure has a middle (M) arrangement of ions, and exhibits alternate front and side (FS) H-bonding interactions between a cation and both anions. Moreover, the [C 1 C 1 im] + cation rings are stacked in an antiparallel rotated orientation (A). Hence, M_FS_SF_A refers to a middle conformation with the rings anti-parallel, M_FS_SF_R refers to the rings being rotated, see Fig. 12 .
To incorporate the effect of a solvent environment CPCM (dichloromethane) and SMD ([C 4 C 1 im]Cl IL) calculations have been performed. These were started from the gas-phase geometries and re-optimised using the same optimisation criteria as above. Confirmation of minima has also been carried out via vibrational analysis. SMD calculations have been carried out using macroscopic solvent descriptors for [C 4 C 1 im]Cl as described by Bernales et al. 12 These descriptors include static dielectric constant, the index of refraction, the macroscopic surface tension, Abraham's hydrogen bond acidity and basicity parameters for the solvent when treated as a solute, fraction of non-hydrogen atoms that are aromatic carbon atoms, and the fraction of non-hydrogen atoms that are electronegative halogen atoms. As there is no generally accepted static dielectric established for [C 4 C 1 im]Cl this has been estimated at 11.5 (the average for 10 ILs as presented by Bernales et al.) . All other parameter values have been sourced from experimental papers. 13, 14 NMR calculations have been carried out at the B3LYP/6-311+G(2d,p)//B3LYP-D3BJ/6-311+G(d,p) level using the Gauge-Independent Atomic Orbital (GIAO) method as implemented in the Gaussian software. Analysis of the electron density within the QTAIM framework has been carried out using the AIMALL software package. 15 19 These parameters have been previously found to perform adequately when combined with the CL&P force field. 20, 21 All simulations have been carried out using 256 cation and anion ion-pairs. Initial configurations were generated by placing the ions randomly in a cubic box using the Packmol software package, 22 followed by equilibration at a higher temperature and then controlled cooling. Additional 5ns runs in the isothermalisobaric (NPT) ensemble have been carried out. Final densities and box lengths are reported in Table S6 . NPT simulations were followed by 5 ns equilibration and 20 ns production runs in the canonical (NVT) ensemble. Data used for analysis has been collected from the 20 ns production runs only. Periodic boundary conditions have been applied and the equations of motion have been integrated using a leapfrog-type Verlet algorithm 23 with the time step set to 1 fs. A Nose-Hoover thermostat has been used to constrain the temperature (relaxation time of 0.1 ps). 24 The pressure was fixed to be one atmosphere in all constant pressure simulations (relaxation time of 0.5 ps) with isotropic volume fluctuations. A modified version of the SHAKE algorithm has been employed to constrain intra-molecular C-H bonds. 25, 26 A cut-off radius of 16.0 Å has been applied for all Lennard-Jones (LJ) interactions and long-range corrections have been taken into account. Moreover, the Ewald summation technique has been used to account for the long-range electrostatic interactions. 23 Cation-anion and cation-cation site-site pair radial distribution functions (RDFs), angular distribution functions (ADF) and spatial distribution functions (SDF) have been evaluated using the TRAVIS program. 27 In addition, ADFs have been computed up to the first minimum of the corresponding H-X and C-X RDFs and SDFs have been generated using VMD. 28 The large surfaces at the rear of the imidazolium ring for both Cl − and [OTf] − (Fig. S3) show that there is essentially no preferential interaction at this site, consistent with the ΔG≈0.0 kJ mol −1 obtained from the K values from the model based on the experimental NMR data. To gain further insight into the local cation-anion structure, angular distribution functions (ADFs) have been computed for each mixture relative to the cation ring protons. First H-bonds where identified by a distance criteria, corresponding to the first minimum in the R H-X and R C-X RDFs. The normalised probability density distributions f() of angles  with values between  + d/2 and  − d/2 for H n -C n -A -(n=2,4 and 5 and 29 The major rationalisation for this discrepancy lies with the different temperatures the simulations were conducted at (400 K here compared to 300 K for Payal et al.) . At 300 K, [C 4 C 1 im]Cl is a supercooled liquid which would greatly restrict the dynamics of the IL and increase the dependence of the coordination numbers obtained on the initial configuration. Hence, the greater thermal energy at 400 K, above the melting point of [C 4 C 1 im]Cl, will increase ion mobility, 30 reduce H-bonding lifetimes and therefore likely reduce the magnitude of preferential interactions, accounting for the difference observed. 
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Fig. S40
The different atomic positions on the [C 4 C 1 pyrr] + cation, labelled as they will be referred to in this article. 
Underlying Assumptions and Limitations of the NMR Model
There are a number of important assumptions and limitations to the NMR model used. First, this model cannot account for chemical shifts that lie outside of those of the simple ILs. As established from Figure 2 and Section D of the ESI, the majority of chemical shifts for the mixtures lie within the range defined by the simple IL constituents, with a minority of mixtures resulting in small deviations outside of this range. The model also assumes that the chemical shift can be described as an equilibrium between the local structure of the two simple ILs at a given cation environment and therefore is not able to account for features which do not appear in either of these two extremes, such as a bifurcated H-bond between both anions (A 1 and A 2 ) for example. Finally, it is important to emphasise that the model does not directly ascertain whether there is an actual interaction of the anion with a specific atom, only the extent to which the average local structure of that site over the population of cations is like either of the simple ILs. For example, it would be unlikely that the anion would interact directly with the terminal CH 3 on the butyl chain, however secondary structural and electronic effects would differ depending on the anion which could lead to a chemical shift change. This model therefore would consider the extent to which these secondary effects varied for the CH 3 group in the mixture relative to the proportion of anions in the mixture.
Another potential concern about the validity of such a model is that in a neat IL system the total concentration of anions A 1 and A 2 is equivalent to the concentration of C i , in contrast to mixed solvent solvatochromic dye systems where the solvent is in vast excess. It could be envisaged that the chemical shift could saturate at low relative proportions of either anion if there was a very strong preference for the interaction of that anion with a given cation position. This would lead to an underestimated K value as the apparent proportion of interactions with one of the anions is artificially reduced. However, even if the conservative assumption is made that each anion could interact with no more than two cations, this limit is not reached for any system. Removal of the points with the lowest anion ratios also does not change the fitted values within experimental error, indicating this is not an issue for these mixtures and the fitted values of K are realistic.
Despite the simplicity of the model and its inherent assumptions, most of the NMR data is well modelled using this approach. 3 and NCH 2 signals. Compared to the imidazolium ring protons these groups have more conformational flexibility and are free to rotate. Additionally, they possess multiple hydrogen atoms and, as they are adjacent to the positively charged ring, they are capable of being involved in H-bonding interactions. 32 These factors mean that the hydrogen atoms in these positions can engage simultaneously in H-bonds with anions that are close to in plane with the imidazolium cation and those positioned above the imidazolium ring. This combination means that these interactions and the conformations adopted are not necessarily equivalent to those in either of the simple ILs, leading to a breakdown of the model.
Derivation of Anion Excess Equation and Underlying Assumptions
From consideration of the equilibrium constant, K, in Equation 1, and the anion mass balance, the relationship between the mole fraction of each anion interacting with cation site C i (C i A 1 and C i A 2 ) can be derived in terms of K and the overall mole fraction of anions A 1 and A 2 in the system (M A1 and M A2 respectively) and is given by Equation S1. . Relationship between x CiA1 and x CiA2 in terms of known quantities.
It is then useful to define a mole fraction of interacting anions, X CA , which is equivalent to the sum of x CiA1 and x CiA2 . This described the fraction of anions in the system directly interacting with a given cation location. Using the relationship in Equation S1, this value is then equivalent to that defined in Equation S2.
=
(1 -) From Equations S1 and S3, the fraction of A 1 or A 2 anions solvating the given cation site (F A1 and F A2 respectively), as defined by Equation S4, can be determined in terms of a single unknown quantity (X CA or x CiA2 ), Equation S5 and S6. In order to easily determine the excess anion at a given concentration, we consider the case where the mole fraction of each anion is equivalent, i.e. M A1 = M A2 = 0.5. Trivially, if it is assumed X CA = 1 (i.e. all anions are interacting with that cation location) F A1 and F A2 equal 0.5 regardless of the choice of K as this would require that all anions in the system interact with that specific cation location. A fairly conservative choice of X CA = 0. 
